
 

How to Make and Use a Homemade Plywood 
Double-Action Piston Pump 

THE NEED 

Vent i lat i ng pum ps-m ost ly  cen t r i fugal  
blowers capable of  operat i ng against  qui t e 
h i gh  resi st ance t o ai r f low-are used t o force 
out door  ai r  t h rough  m ost  h i gh-prot ect i on -
fact or  fal lou t  shel t ers and t h rough  alm ost  al l  
perm anent  blast  shel t ers. Low-pressure 
ven t i lat i ng devi ces, i ncludi ng ordi nary  
bladed fans and hom em ade ai r  pum ps such  
as KAPs and Di rect i onal  Fans, cannot  force enough ai r  t h rough  
a perm anent  shel t er 's usual  ai r -supply  syst em  consi st i ng of  
pi pes, or  of  pi pes wi t h  a blast  valve, a f i l t er , an d t he valves 
needed t o m ain t ai n  a posi t i ve pressure wi t h i n  t he shel t er . 

Manual ly  crank ed cen t r i fugal  blowers, or  blowers t hat  can  ei t her  
be powered by  an  elect r i c m ot or  or  be hand-crank ed, are t he 
preferred m eans of  ven t i lat i ng perm anent  shel t ers f rom  
Swi t zer land t o Ch ina. The m ain  di sadvan t ages of  ef f i ci en t  
cen t r i fugal  blowers are: 

1. They  are qui t e expensi ve. For  exam ple, i n  1985 a good 
Am er i can  hand-crank ed blower , t hat  pum ps on ly  about  50 cubi c 
feet  per  m in ut e (50 cfm ) t h rough  a shel t er 's pi pes, blast  valve 
and f i l t er , ret ai l s for  around $250. An  excel len t  forei gn  blower  
t h at  enables one m an t o pum p som ewhat  larger  volum es sel ls 
for  about  t wi ce as m uch . 

2. Not  en ough cen t r i fugal  blowers could be m anufact ured 
qui ck ly  enough t o equip al l  shel t ers l i k ely  t o be bui l t  dur i ng a 
recogn i zed cr i si s t h reat en ing nuclear  at t ack , and last i ng for  
week s t o several  m ont hs. 

Therefore, t here i s need for  an  ef f i ci en t , m anual ly  operat ed, low- 
cost  ven t i lat i ng pum p t hat : 

3. Can  pum p adequat e volum es of  out door  ai r  t h rough  shel t er - 
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ven t i lat i ng syst em s t hat  have qui t e h i gh  resi st ances-up t o 
several  i nches wat er  gauge pressure di f feren t i al . 

4. Wi l l  be servi ceable af t er  at  least  several  week s of con t i nuous 
use. 

5. Can  be bui l t  at  low cost  i n  hom e work shops by  m any 
Am er i cans, usi ng on ly  m at er i als avai lable i n  m ost  t owns. 

6. Could be m ade by  t he m i l l i ons i n  t housands of  shops al l  over  
t h e U.S., for  m ass product i on  dur i ng a recogn i zed prolonged 
cr i si s, usi ng on ly  plywood and ot her  widely  avai lable m at er i als. 

To produce such  a shel t er  ven t i lat i ng pum p, dur i ng t he past  20 
years I  have work ed i n t erm i t t en t ly  desi gn ing and bui ldi ng 
several  t ypes of  hom em ade ai r  pum ps. However , un t i l  I  was 
t ravel i ng i n  Ch ina as an  of f i ci al  guest  i n  Oct ober  1982 and saw a 
wooden double- act i on  pi st on  pum p being used, I  di d not  
concei ve or  com e across a desi gn  t hat  I  was able t o develop i n t o 
a sh el t er -ven t i lat i ng pum p t hat  m eet s al l  of  t he requi rem ent s 
out l i ned above. Now I  have m ade and t est ed a sim ple hom em ade 
Plywood Double-Act i on  Pi st on  Pum p, descr i bed below, t hat  
sat i sfi es t h ese requi rem ent s. Three ot her  persons have used 
successi vely  im proved versi ons of  t hese i nst ruct i ons t o m ak e 
t h i s m odel , and several  ot hers have con t r i but ed im provem ent s.  

HOW A PLYWOOD DOUBLE-ACTION PISTON PUMP WORKS 

Fig. 1 pi ct ures t he box-l i k e t est  m odel  descr i bed i n  t hese 
in st ruct i ons. 

Fi g. 1. Plywood Double-Act i on  Pi st on  Pum p, wi t h  m anom et er  
at t ached for  t est s.  

 

Fi g. 2 i l lust rat es a ver t i cal  sect i on  t h rough  a sl i gh t ly  im proved m odel , and shows 
t h e 12x12-in . plywood pi st on  being pushed f rom  r i gh t  t o lef t , causing ai r  f rom  t he 
out doors t o be "suck ed" down t he open  ai r -supply  duct  i n  t he t op of  t he pum p, t hen  
down t o t he r i gh t  t h rough  t he open  valve i n  t he ai r t i gh t  f ram e (t hat  i s above and 
near  t he r i gh t  end of  t he PARTITION), and on  down i n t o t he lower - pressure area 
beh ind t he lef t ward-m oving pi st on . 
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Because t he ai r  t o t he r i gh t  of  t he lef t ward-m oving pi st on  i s at  a lower  pressure t han  
t h e ai r  i n  t he shel t er  room , t he exhaust  valves i n  t he f ron t  end (t he handle end) of  
t h e pum p are held closed. 

Dur i ng t h i s hal f  of  t he pum ping cycle, t he h i gher -pressure ai r  i n  t he par t  of  t he 
pum p's square "cy l i nder " t o t he lef t  of  t he lef t ward-m oving pi st on  opens t he ai r -
exhaust  valves i n  t he back  end of  t he pum p, and f resh  ai r  i s forced out  i n t o t he 
shel t er  room , The h i gher -pressure ai r  t o t he lef t  of  t he valve i n  t he ai r t i gh t  f ram e 
(t h at  i s above t he lef t  end of  t he PARTITION) k eeps t h i s valve closed, wh i le t he 
lower -pressure ai r  t o t he r i gh t  of  t h i s valve helps k eep i t  closed. 

When t he pi st on  i s pul led t o t he r i gh t , al l  of  t he valves shown closed are qui ck ly  
opened, and al l  shown open  are qui ck ly  closed. Then  f resh  ai r  i s forced i n t o t he 
shel t er  room  t h rough  t he opened exhaust  valves i n  t he f ron t  end of  t he pum p. 

Fi g. 2. Ver t i cal  Sect i on  of  t he Double-Act i on  Pi st on  Pum p showing i t s square 
pi st on  being pushed t o t he lef t .  

 

Book  Page: 262 

PERFORMANCE TESTS 

The volum et r i c and durabi l i t y  t est s sum m ar i zed below are proof  t hat  t h i s hom em ade 
Plywood Double-Act i on  Pi st on  Pum p i s bet t er  t han  m ost  hand-crank ed cen t r i fugal  
blowers for  supply i ng a shel t er  wi t h  out door  ai r  t h rough  t ypi cal  ai r -in t ak e and 
exhaust  pi pes- especial ly  wh en t he ven t i lat i on  syst em  con t ai ns a f i l t er  and/ or  blast  
valves. The f i l t ers t hat  gi ve t he best  prot ect i on , Chem ical  Bi ologi cal  Radiologi cal  
(CBR) Fi l t ers, have qui t e h i gh  resi st ance t o ai r f low, as do com m erci al  blast  valves 
t h at  close qui ck ly  enough t o prot ect  f i l t ers. 

  

1. Volum et r i c t est s.  

Because t he rapidly  pulsat i ng ai r f lows i n t o and out  of  a pi st on  pum p are very  hard 
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t o m easure accurat ely  wi t h  an  ai r  veloci t y  m et er , I  m ade an  i n f lat able cy l i ndr i cal  
bag of  2-m i l  (0.002 i nch) polyet hy lene f i lm ; t he fu l l y  i n f lat ed volum e of  t h i s bag was 
256 cubi c feet . The bag was suspended on  a hor i zon t al  st rong cord runn ing t h rough  
i t s len gt h . A shor t  t ube 62 i nches i n  ci r cum ference connect ed t he back  end of  t he 
pum p (t hat  i s opposi t e t he operat or 's end) t o t he suspended bag. Bag and pum p were 
in  a below ground shel t er  t hat  norm al ly  has essen t i al l y  m ot i on less ai r . See Fig. 1. 
 
Si nce t h i s t ype of  pum p exhaust s equal  volum es of  ai r  f rom  each  of  i t s t wo ends, t he 
t ot al  cubi c feet  per  m inut e (cfm ) t hat  i t  pum ps equals t wi ce t he cfm  t hat  i t  exhaust s 
in t o t he shel t er  f rom  one of  i t s ends. See Fig. 1, t hat  shows t he pum p at t ached wi t h  
"C" clam ps t o a sm al l  st eel  t able and being used t o pum p ai r  i n t o t he 256 cubi c foot  
suspended bag. 
 
I  m easured t he pressure di f ferences against  wh i ch  t he pum p was operat ed. In  a 
shel t er  t hese di f ferences t ypi cal ly  are caused by  t he resi st ance t o ai r f low i n  pi pes, 
valves, and a f i l t er . I  m easured pressure di f ferences i n  i nches wat er  gauge (1 i n . w.g. 
0.036 psi ) wi t h  t he sm al l -t ube m anom et er  at t ached t o t he si de of  t he pum p. To 
produce var i ous pressure di f ferences for  several  t est s, I  nai led a pi ece of  plywood 
over  t he t op of  t he ai r -in t ak e duct , so as t o produce di f feren t  si zed open ings: i n  
m ost  t est s I  p laced di f feren t  layers of  f i l t er  m at er i als i n  a f i l t er  box  t h at  was f i t t ed 
ai r t i gh t  over  t he 6 x 6-in . ai r -supply  duct  on  t he t op of  t he pum p. See Fig. 3. (Th i s 
low-resi st ance f i l t er  rem oves pract i cal l y  al l  fal lout  par t i cles of  war t im e concern , and 
also m ost  i n fect i ve aerosols t hat  m ay be used i n  bi ologi cal  war fare. See "Mak ing and 
Usin g a Hom em ade Fi l t er  Box and Fi l t er ", by  Cresson  H. Kearny , Oct ober  1985. 

 
Fi g. 3. Pum p wi t h  Hom em ade Fi l t er  (20 x 20 x 8-in ches i nsi de dim ensions) 
connect ed ai r t i gh t  on  t op of  t he pum p's 6 x 6-in ch  ai r -in t ak e duct .  

 

 
The best  cen t r i fugal  blowers t hat  I  have seen  or  heard about  are t hose m anufact ured 
by  a Fi nn i sh  com pany, Tem et  Oy. (I  crank ed a Tem et  Oy blower  i n  an  Israel i  shel t er  
used for  t est i ng ven t i lat i on  equipm ent : t he Fi nn i sh  cen t r i fugal  blower  was bet t er  
t h an  Swiss, Germ an and capt ured Russian  blowers also undergoing t est s.) Therefore, 
in  Table 1 a few of  t h e volum et r i c t est s of  m y best  m odel  Plywood Double-Act i on  
Pi st on  Pum p (powered by  one and t wo m en) are com pared wi t h  per form ance dat a 
fu rn i shed by  Tem et  Oy for  i t s cen t r i fugal  blower  when crank ed by  t wo m en. I  have 
conver t ed Tem et  Oy 's m et r i c un i t s i n t o t he com m on Am er i can  un i t s. 
In  Table 1 t he pressure di f ference of  4.3 i nches wat er  gauge i s t he resi st ance t o 
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ai r f low t h at  Tem et  Oy  real i st i cal ly  gi ves as t ypi cal  of  a wel l  desi gned shel t er  
ven t i lat i on  syst em  of  pi pes, valves and blower  plus a Chem ical  Bi ologi cal  
Radiologi cal  (CBR) fi l t er . Tem et  Oy gi ves 2 .0  i nches wat er  gauge as t ypi cal  of  t he 
sam e ven t i lat i on  syst em  wi t h  on ly  a low resi st ance dust  f i l t er . The m uch larger  
volum e pum ped by  t he Double-Act i on  Pi st on  Pum p when a CBR f i l t er  i s used (as 
com pared t o t he cfm  pum ped by  t h i s very  good cen t r i fugal  blower ) i s t ypi cal  of  t he 
reduced ef fect i veness of  even  t he best  cen t r i fugal  blowers at  h i gh  pressure 
di fferen ces. 

In  areas devast at ed by  a nuclear  explosi on , t he t ypi cal  very  dust y  condi t i ons are 
l i k ely  t o resul t  i n  f i l t ers soon  becom ing di r t y  and h i gher  i n  resi st ance t o ai r f low. 
Then  t he great er  ef fect i veness of  a pi st on  pum p for  ven t i lat i ng a shel t er  wi t h  a h i gh-
resi st ance ai r -supply  syst em  wi l l  be even  m ore im por t an t  t han  when i t s f i l t er  i s 
clean . 

Table 1. Com par i son  of  Plywood Double-Act i on  Pi st on  Pum p wi t h  Tem et  Oy 
Cen t r i fugal  Blower . 

 

  

The horsepower  requi rem ent s of  m y pum p have not  yet  been  m easured. However , 
based on  t he calculat ed ai r  pressure on  t he 12 x 12-in . pi st on  of  22.3 lbs. when t he 
pressure di f ference was 4.3 i n . w.g. (0 .155 psi ), wh en t wo pum pers were m ak ing 52 
st rok es (cycles) per  m inut e wh i le pum ping 182 cfm , t he horsepower  del i vered was 
about  0.14 HP wi t hout  al lowing for  f r i ct i on  and t he losses of  power  due t o reversals 
in  t he di rect i ons of  pi st on  m ovem ent s. I  est im at e t hat  t he act ual  horsepower  
del i vered by  t he t wo pum pers (I , a 69 year  old wi t h  a st i f f  back  i n  1983, and a 15-
year -old boy) was som ewhat  less t han  0.2 HP. A m an i n  good condi t i on  can  work  for  

Top Previous Next

TYPE OF  

PUMP 

PRES. 

DIFF 

(i n . w.g.) 

CUBIC FEET PER 
MINUTE 

  

HORSE- 
POWER 

  

Doubl e-Act i on  
Pi st on  Pum p  

     

on e m an  4.9  134  ?  
t wo m en  4.3  182  ?  
Tem et  Oy  
Cen t r i fugal  Blower  

     

t wo m en  4.3  90  0.15  
Doubl e-Act i on  
Pi st on  Pum p  

     

on e m an  2.3  172  ?  
t wo m en  2.3  208  ?  
Tem et  Oy  
Cen t r i fugal  Blower  

     

t wo m en  2  300  0.18  
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hours del i ver i ng 0.1 HP. 

When com par i ng m ach ines powered by  hum an m uscles, what  m uscles are used and 
how t hey  are used are of t en  as im por t an t  as are t he horsepower  requi rem ent s. Leg 
m uscles are m ore ef f i ci en t  and are m uch  st ronger  t han  arm  m uscles. Arm  m uscles 
are used m uch m ore i n  crank i ng a blower  t han  i n  push ing and pul l i ng t he pi st on  of  a 
proper ly  desi gned reci procat i ng pi st on  pum p back  and for t h  hor i zon t al l y . See Fig. 3. 
I f  t h i s double-act i on  pi st on  pum p i s placed at  a heigh t  above t he f loor  so t hat  i t s 
handle i s approxim at ely  at  t he heigh t  of  a st anding operat or 's elbows, t hen  t he 
operat or  can  do m ost  of  t he work  wi t h  h i s legs. See Fig. 3. He ef f i ci en t ly  m oves h i s 
body  back  and for t h  for  over  a foot , wh i le m oving h i s hands and forearm s 
hor i zon t al l y  for  sl i gh t ly  less t han  a foot  relat i ve t o h i s body . To del i ver  t he sam e 
horsepower  by  crank ing a blower  uses less ef f i ci en t  m uscles i nef f i ci en t ly , and i s 
m uch  m ore t i r i ng. 

As shown i n  Table 2, t he volum et r i c ef f i ci ency  of  m y best  m odel  i s good for  a 
shel t er -ven t i lat i ng pum p. The volum et r i c ef f i ci ency  of  a pi st on  pum p (a posi t i ve 
di splacem ent  pum p) i s found by  di v i di ng t he cfm  act ual ly  pum ped by  t he t heoret i cal  
m axim um  cfm  at  t he sam e pum ping rat e and t he sam e pressure di f ference, 
assum ing al l  pi st on  st rok es are fu l l  lengt h , t hat  al l  valves open  and close 
in st an t aneously , and t hat  t here i s no leak age. Table 2 shows t hat  t he great er  t he 
pressure di f ference, t he lower  t he ef f i ci ency- as one would expect , because of  
in creased leak age. 

  

 
Table 2. Volum et r i c Ef f i ci enci es of  Double-Act i on  Pi st on  Pum p Operat ed by  One 
Man.  

Book  Page: 263 

2. Durabi l i t y  t est s.  

Fi ndi ng a hom em ak eable m et hod t o seal  t he m oving pi st on  so as t o assure at  least  
one m ont h  of  con t i nuous ef f i ci en t  pum ping was t he m ost  di f f i cu l t  problem . Var i ous 
rubber  seals at t ached t o t he edges of  t he pi st on  were unsat i sfact ory , and alum inum  
sheet m et al  st r i ps (shaped and at t ached l i k e t he galvan i zed st eel  sheet m et al  st r i ps 
used i n  t h i s m odel ) wore out  i n  less t han  a week , even  when oi led every  24 hours. 

PRES. 

DIFF 

(i n . w.g.) 

STROKES 
PER MINUTE 

cfm  EFFICIENCY 

4  36  122  84 .0% 
2.6  45  160  89 .0% 
0.7  51  188  92 .0% 
0.4  54  202  94 .0% 
0.2  55  208  94 .5% 
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To save m oney dur i ng week s of  con t i nuous durabi l i t y  t est i ng, t he pum p was 
operat ed by  an  elect r i c m ot or  t hat  powered a pul ley  dr i ve t hat  t urned a 2-foot -
di am et er  pul ley  havi ng an  at t ached 40-in .-long st eel  pi t m an wi t h  a h i nged 
connect i on  t o a hor i zon t al l y - sl i di n g bar  connect ed t o t he handle of  t he pum p's 
wooden pi st on  rod. See Fig. 4. 

Af t er  pum ping for  380 hours (15.83 days) at  44 st rok es per  m inut e against  a 
pressure di f ference of  2.3 i n . w.g., t he worst  worn  spot  on  any  of  t he 30-gauge st eel  
sheet m et al  seal i ng st r i ps on  t he pi st on  was reduced i n  t h i ck ness f rom  i t s or i gi nal  
0.0155 i n . t o 0.0145 i n . Th i s worst -spot  wear  of  0.001 i n . i s on ly  about  a 6% 
reduct i on  i n  t h i ck ness. The f lap valves funct i oned as wel l  as when new, and 
appeared unworn . 

I  conclude t hat  t h i s pum p would be servi ceable af t er  several  m ont hs of  con t i nuous 
use-provi ded i t  i s lubr i cat ed af t er  every  24 hours of  act ual  use, as i n  t h i s durabi l i t y  
t est . In  t h i s t est  I  lubr i cat ed t he pi st on , i t s "cy l i nder 's" four  wal ls, and i t s rod wi t h  
Lubr i plat e Ne. 105, "t he or i gi nal  wh i t o grease". Th i s non-st i ck y  "grease-t y pe 
lubr i can t " i s used ext ensi vely , especial l y  t o lubr i cat e i n t ernal  com bust i on  engines 
before f i r st  st ar t i n g up. Anot her  bui lder  of  t h i s m odel  pum p found Si loo Whi t e Lube, 
an  al l -purpose l i t h i um  grease, t he best  of  t he lubr i can t s t hat  he t est ed. J udging f rom  
m y ' pr i or  durabi l i t y ' t est s, a very ' l i gh t  oi l  appl i ed dai ly  serves reasonably  wel l . 
Ordi n ary  bear i ng grease i s unsat i sfact ory . 

MATERIALS 

The fol lowing m at er i als (t hat  cost  about  $65. ret ai l  i n  1985) are needed t o m ak e and 
operat e t he best  m odel  of  t h i s pum p: 

Plywood, 3/ 4-in . ext er i or : one 4 x 8-ft . sheet  (f i n i sh ed on  one si de, unwarped). 

Plywood, 3/ 8-in . ext er i or : 1/ 4t h  of  a 4 x 8-ft . sheet  (f i n i sh ed on  one si de, 
unwarped). (Second choi ce: 1/ 4-in . ext er i or  plywood). 

Oak  board, 3/ 4 x 1-3/ 4 i n ., st rai gh t , wel l  season ed, 4 f t . long, t o m ak e t he 
pi st on  rod. (I f  oak  or  ot her  very ' st rong wood i s not  avai lable, use a st rai gh t  f i r  
or  pi ne board.) 

Fi r  or  pi ne board, about  3/ 4 x 1-3/ 4 i n ., 8 f t . long, t o m ak e t he pi st on-rod 
handle, et c. 

28-gauge or  l i gh t er  galvan i zed-st eel  f lash i n g (sold by  lum ber  yards for  roofers), 
no t h i ck er  t han  0.016 i n .: or  galvan i zed st eel  or  f lash i ng no t h i nner  t han  0.012 
in . Or  30  gauge galvan i zed st eel  sheet m et al  avai lable i n  som e sheet m et al  shops. 
(Sh eet - m et al  t h i ck er  t han  0.016 i s not  spr i ngy  enough for  m ak ing t h i s pum p's 
near -equi valen t  of  pi st on  r i ngs.) Best  t o go t o a sheet - m et al  sh op and have 3 
st r i ps cut , each  3 i n . wide and about  30 i n . long. 

Screws, round-headed, zi nc-plat ed wood screws: 

22 each  of  No. 12 (2-in . long, 12/ 32 i n . di a.), wi t h  f lat  washers 10 each  of  No. 
10 (1-1/ 2 i n . long, wi t h  f lat  washers) 
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15 each  of  No. 6 (3/ 4 i n . long, wi t h  f lat  washers) 

Nai ls, 4 -penny (1-1/ 2 i n .), best  cem ent -coat ed: 1/ 4 lb. Nai ls, 3-penny (1-1/ 4 
in :), galvan i zed: 1/ 4 lb. 

St aples (i f  an  oak  board for  t he pi st on  rod i s not  avai lable), No. 17, 3/ 4-in ., 
galvan i zed): 1/ 4 lb. 

Tack s, No. 6 upholst ery , (1/ 2-in . long): a sm al l  con t ai ner . Tack s, No. 3 
upholst ery  (3/ 8-in . long): a sm al l  con t ai ner . Fel t , weat her  st r i ppi ng, 5/ 8-h i . 
wide: 10  ft . 

Tape, si l ver  duct  t ape, 2-in . wide: a sm al l  rol l . 

Tape, m ask ing t ape, 3/ 4-in . wide: a sm al l  rol l . 

Adhesi ve, wat erproof : "Li qui d Nai ls", or  ot her  al l  purpose const ruct i on  adhesi ve: 
one approx. 11-oz. t ube (for  use i n  caulk i ng gun). 

Epoxy , 5-m inut e: 2 t ubes. 

Rubber  cem ent : a sm al l  t ube. 

Sealer  (such  as polyuret hane clear  f i n i sh , t o reduce absorpt i on  of  oi l  or  ot her  
lubr i can t  of  t he "cy l i nder "): 1/ 2 pi n t . 

Plast i c f i lm , t ransparen t  st orm -win dow t ype (such  as 4-m i l  Flexo-Glass, by  Warp 
Bros.): 3  sq. ft . 

Grease-t y pe lubr i can t , an  al l -purpose m ot or -break in  l i t h i um  grease such  as 
"Si loo Whi t e Lube" or  "Lubr i plat e No. 5 Space Age Lubr i can t ": t wo approx. 10 oz. 
t ubes. 

In ner  t ube rubber , heavy  t ruck  or  aut o (cut  f rom  an  old t ube): 1 sq. f t . 

FUNCTIONAL RELATIONS OF PARTS 

Look  at  Fi gs. 2, 5, and 6. In  Fi gs. Sand 6, t he lower , f i xed par t  of  t he f ron t  end i s 
pi ct ured below t he pi st on  rod. The pi st on  rod sl i des back  and for t h  on  t he cen t er  of  
t h e f i xed par t  of  t he f ron t  end (as i ndi cat ed m ore clear ly  i n  Fi g. 7), and i n  t he not ch  
in  t he rem ovable par t  of  t he f ron t  end. 

Fi g. 4. Mechan i zed Dr i ve Used i n  Week s-Long Durabi l i t y  Test s.  
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Fi g. 5. Fron t  End of  t he Durabi l i t y  Test  Pum p, showing t he lower  f i xed par t  
(below pi st on  rod) and t he upper  rem ovable par t , t hat  i s held by  6 screws wi t h  
f lat  washers. Fel t  weat h er -st r i ppi ng m ak es t he rem ovable par t  ai r t i gh t .  

 

Book  Page: 264 

Fig. 6. Pum p Bui l t  by  Dale Huber , of  Lak e Ci t y , Flor i da i n  h i s hom e work shop, 
wh i le gui ded on ly  by  t he second draf t  of  t hese repeat edly  im proved 
in st ruct i ons. The rem ovable par t  of  t he f ron t  end has been  t ak en  of f , t o i nser t  
t h e pi st on  i n t o t he 12 x 12-in . "cy l i nder " under  t he PARTITION. The plast i c 
f laps of t h i s pum p's f lap valves are black : t ransparen t  plast i c f i lm  i s prefer red.  
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Not e t h at  a si ngle plast i c-f i lm  f lap covers each  pai r  of  2 x 4-in . valve holes, and t hat , 
as sh own i n  Fi g. 2 (t hat  gi ves a si de v i ew of  al l  si x f laps), al l  f laps open  away f rom  
t h e ver t i cal  cen t er -plane of  t he pum p. 

In  Fi g. 5 t he rem ovable (upper ) par t  of  t he f ron t  end i s shown i n  place, secured by  
si x round-head screws wi t h  f lat  wash ers. In  Fi g. 7 not e t he pai r  of  2 x 4-in . f lap- 
valve holes above t he pi st on  rod. 

In  Fi g. 6. t he rem ovable par t  of  t he f ron t  end has been  rem oved, exposing t he 26-in .-
long, hor i zon t al  PARTITION t hat  serves as t he t op of  t he 12 x 12-in . "cy l i nder ", i n  
wh i ch  t he pi st on  can  m ak e a 24-in .-m axim um - len gt h  st rok e. Also see Figs. 2 and 7. 
Fi g. 6 also shows t he pi st on  wh i le i t  i s bei ng rem oved and one of  t he t wo rubber  
bum pers (m ade of  i nner  t ube rubber ) on  i t s pi st on  rod. 

The back  end of  t he "box" i s m ade of  one pi ece of  plywood, as shown i n  Fi g. 8. The 
t wo plast ic f laps of  i t s exh aust  valves each  cover  t wo 2 x 4-in . valve holes, t hat  are 
posi t i oned t he sam e as t he four  valve holes i n  t he f ron t  end. 

Fi g. 7. Fron t  End (Operat or 's End) of  Plywood Double-Act i on  Pi st on  Pum p. The 
t wo 4  x 12-in . valve f ram es are shown by  dashed l i nes, as i s t he 12 x 26-in . 
PARTITION. (t i oned t he sam e as t he four  valve holes i n  t he f ron t  end.  
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Fi g. 8. Back  End. On ly  t he plywood i s shown.  
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CUTTING OUT THE PLYWOOD PARTS 

1. The four  par t s of  t he "cy l i nder " (i t s bot t om , t wo si des, and t he 
PARTITION: see Fig. 7) should be m ade wi t h  t he wood grai n  of  t he plywood 
runn ing i n  t he sam e di rect i on  as t he lengt hs of  t hese par t s. Th i s reduces 
pi st on  f r i ct i on . 

2. Out l i n e on  a sheet  of  ext er i or  3/ 4-in . plywood al l  of  t he plywood par t s-
except  for  t he 12 x 12-in . pi st on  and t he t wo 12 x 12-in . const ruct i on  
form s, wh i ch  are m ade of  3/ 8-in . ext er i or  ply wood. (I f  3 / 8-in . plywood i s 
not  avai lable, use 1/ 4-in .) Do not  assum e t hat  t he corners of  a sheet  of  
ply wood are t ru ly  square. Also check  t he widt h  of  t he sawcut  of  t he saw t o 
be used, and al low for  t h i s widt h  when drawing adjacen t  out l i nes of  par t s 
on  t he plywood. Be sure t o m ak e al l  corners square. 

Top Previous Next
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3. I f  you do not  have a t able saw t hat  saws accurat ely , or  a heavy- du t y ' 
saber  saw, y ou wi l l  do wel l  t o pay  a professi onal  carpen t er  or  cabinet  
m ak er  t o saw out  t he plywood par t s-and also t he pi st on  rod i f  you are 
m ak ing i t  out  of  an  oak  board. A professi onal  can  accurat ely  saw out  al l  of  
t h e plywood par t s and t he 10 valve holes i n  about  2 hours, provi ded you 
have accurat ely  out l i ned al l  saw l i nes. 

4. Mak e t he fol lowing plywood rect angles wi t h  t olerances of  + or  - 1 / 32 i n .: 

PARTITION, 12 x 26-in . 

Two si des, each  16-3/ 4 x 32-in . (I f  your  "3/ 4-in . plywood" 
act ual ly  i s less t h an  11/ 16-in . t h i ck , m ak e t he heigh t  of  each  of  
your  si des 16-3/ 4-in . less t h e di f feren ce bet ween 3/ 4-in . and t he 
act ual  t h i ck ness of  your  plywood. See Fig. 7.) 

Bot t om , 17-1/ 2 x 32-in . 

Top, 13-1/ 2 x 32-in . 

Two valve f ram es, each  4 x 12-in . 

Pi st on , 12 x 12-in . (of 3 / 8-in . plywood). 

Two const ruct i on  form s, each  12 x 12-in . (of 3 / 8-in . plywood). 

5. Mak e t he fol lowing plywood rect angles wi t h  t olerances of  + or  - 1 / 16 i n .: 

Back  end, 13-1/ 2 x 17-1/ 4-in . (See Fig. 8.) 

Rem ovable (upper ) par t  of  f ron t  end, 13-1/ 2 x 10-7/ 8 i n . (See 
Figs. 7 and 9.) 

Fi xed (lower ) par t  of  f ron t  end, 13-1/ 2 x 6-3/ 8-in . (See Figs. 7 and 
10.) The four  par t s of  t he ai r -in t ak e duct : t wo each  6-1/ 2 x 6-in .; 
t wo each  6-1/ 2 x 7-1/ 2-in . 

Two spacers (t o be nai led t o t he bot t om ) each  3/ 4 x 3/ 4 x 32-in . 

6. Saw out  t he 10 valve holes; a t olerance of  + or  - 1 / 8 i n . i s good enough. 
(See Figs. 7, 8, 9, and 10.) 

7. Saw a square 6 x 6-in . hole i n  t he cen t er  of  t he t op, as shown i n  Fi g. 2 - 
i f  you are going t o i nst al l  t he hom em ade f i l t er  (descr i bed i n  separat e 
in st ruct i ons) di rect ly  on  t op of  your  pum p. (To connect  your  pum p t o a 
round ai r -in t ak e pi pe, cut  an  appropr i at e round hole i n  t he t op.) 

8. Sandpaper  t he f i n i shed si des of  t he PARTITION, t he t wo si des, and t he 
bot t om , t o reduce f r i ct i on  on  t he reci procat i ng pi st on . Use f i ne sandpaper . 

9. Mak e and at t ach  t he 6 valve f laps, t o com plet e t he f lap valves, t hat  are 
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t h e lowest  resi st ance, qui ck est  act i ng t ype t est ed. 

a. Mak e a 3-3/ 4 x 5-3/ 4-in . cardboard TEMPLATE, usi ng carbon  paper  
t o t ransfer  l i nes of  Fi g. 11 t o cardboard. (See Fig. 11 on  page 7, and 
not e t hat  t h i s TEMPLATE out l i nes t he r i gh t  hal f  of  t h e 3-3/ 4 x 11-
1/ 2-in . plast i c-f i lm  f lap.) Also t ransfer  t he dash ed t ack -l i n e and m ark  
t h e ends of  t he 4 hor i zon t al  st op-st r i n g l i nes. Dr i l l  8  sm al l  h oles 
t h rough  t he cardboard at  t he ends of  t he 4 st op-st r i n g l i nes, so t hat  
you can  use a penci l  t o m ark  t hese poin t s on  plywood. 

Fi g. 9. Rem ovable Par t  of  Fron t  End, Un f i n i shed. On ly  t he plywood i s shown.  

 

Fi g. 10. Fi xed Par t  of  Fron t  End, Un f i n i shed. On ly  t he plywood i s shown.  
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b. Use your  TEMPLATE t o m ark  around t he 2 x 4-in . valve holes i n  
ply wood par t s: (1) t he posi t i ons of  t he ends of  each  hole's H st op- 
st r i n gs, (2 ) t h e r i gh t  si de-edge and t he bot t om -edge of  each  f lap af t er  
i t  i s at t ach ed, and (3) t he t ack -l i n es. 

c. Dr i l l  a 1/ 16-in . di am et er  hole t h rough  t he plywood at  each  poin t  
m ark ed for  an  end of  a st op-st r i n g. 

d. Wi t h  ny lon  k i t e st r i ng (or  ot her  ny lon  st r i ng about  1/ 16-in . i n  
di am et er , such  as 50-lb-t est  n y lon  f i sh i ng l i ne) and a bi g enough 
needle, st r i ng t he "four " st op-st r i n gs across each  2 x 4-in . hole. (Use a 
st r i n g long enough t o m ak e "four " uncut  st op-st r i n gs.) St ar t  on  t he 
un f i n i shed, back  si de of  t he plywood, on  t he opposi t e si de f rom  t he 
fu t ure valve f lap. To secure t he st ar t i ng end, wrap t he st r i ng around a 
hal f -dr i ven  t ack , and t hen  dr i ve i t  i n . Keep pul l i ng t he st r i ng t i gh t  as 
you t h read i t  t h rough  t he holes and as you wrap i t s f i n i sh i ng end 
around a hal f -dr i ven  t ack . Fi nal ly  epoxy  t he st r i ng i n  al l  of  t he holes, 
on  t he back  si de of  t he plywood. (An  equal ly  st rong ny lon  st r i ng can  
be m ade by  t wi st i ng t oget her  4 pi eces of  waxed ny lon  den t al  f loss.) 
(St op-st r i n gs also can  be posi t i oned by  usi ng No. 3 upholst ery  t ack s i n  
place of  t h e 1/ 16-in . di am et er  holes. Dr i ve a t ack  par t l y ' i n , wind t he 
st r i n g around i t  wh i le pul l i ng t he st r i ng t i gh t , and dr i ve t he t ack  
com plet ely  i n , t o hold t he st r i ng securely . Fi nal ly , coat  t he t ack  heads 
and t he adjacen t  plywood wi t h  a sm oot h  cover i ng of  adhesi ve, t o 
provi de a sm oot h  seat  for  t he valve f lap.) 

e. Cut  ou t  6 plast i c f laps of t ran sparen t  4-m i l  plast i c f i lm  (each  3 -3/ 4 
x 11-1/ 2 i n .). The easiest  way  t o accurat ely ' cut  a f lap of  t h i n  plast i c 
f i lm  i s t o m ak e a cardboard t em plat e 3-3/ 4 x 11-1/ 2-in .. p lace i t  on  
t h e f i lm , an d cut  around i t  wi t h  a very  sharp k n i fe. 

f. In  preparat ion  for  at t ach ing a f lap over  each  pai r  of  2 x 4-in . valve 
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holes, cover  t he plywood above each  pai r  of  holes wi t h  m ask ing t ape, 
up t o t he st rai gh t  "t ack  l i ne" t hat  you al ready  have drawn 1/ 2 i n . 
above each  hole. Use your  cardboard TEMPLATE. The m ask ing t ape 
wi l l  preven t  t h e adhesi ve (t hat  wi l l  be used t o at t ach  each  valve f lap) 
from  being appl i ed t oo near  t he 2 x 4-in . holes, where adhesi ve would 
k eep a f lap from  open ing fu l l y . 

g. Posi t i on  each  of  t he 6 f laps proper ly ' i n  i t s closed posi t i on , wi t h  i t s 
lower  edge on  t he l i ne t hat  you al ready  have used t he TEMPLATE t o 
draw 3 / 4 i n . below each  f lap's pai r  of  2 x 4-in . holes. Posi t i on  i t s r i gh t  
si de-edge on  t he l i ne al ready  drawn 1 i n . f rom  t he r i gh t  si de of  t he 
r i gh t  hole of  each  pai r  of  2 x 4-in . holes. Then  put  m ask ing t ape over  
t h e lower  edge of  each  f lap and t he adjacen t  plywood, t o hold t he f lap 
t em porar i l y ' i n  i t s closed posi t i on . 

h . Gent ly  fold down t he upper  par t  of  each  f lap, so t hat  t he plywood 
above i t s pai r  of  2 x 4-in . holes i s uncovered (except  where you have 
placed t he prot ect i ve t ape), and place sm al l  pi eces of  m ask ing t ape so 
as t o hold each  f lap t em porar i l y  i n  t h i s folded-down posi t i on . 

i . Qui ck ly  apply  a t h i n  coat  of  al l -purpose const ruct i on  adhesi ve (such  
as L i qui d Nai ls) t o a 1 / 2-in .-wide ply wood area above t he prot ect i ve 
m ask ing t ape t hat  covers t he plywood up t o t he "t ack  l i ne" 1/ 2 i n . 
above each  pai r  of  2 x 4-in . valve holes. Then  prom pt ly ' det ach  t he 
sm al l  pi eces of  m ask ing t ape holdi ng t he f lap i n  i t s folded-down 
posi t i on , and t urn  t he f lap (t he lower  par t  of  wh i ch  i s st i l l  bei ng held 
in  i t s proper  closed posi t i on  by  m ask ing t ape) i n t o t he whole f lap's 
closed posi t i on . Press t he upper  par t  f i rm ly ' against  t he approxim at ely  
1/ 2- i n .-wide coat i ng of  adhesi ve, t o secure t he valve i n  i t s proper  
closed posi t i on . Al low several  hours for  t he adhesi ve t o harden  before 
rem oving t he t ape and usi ng t he valve. 

j . Dr i ve sm al l  t ack s (No. 3: 3/ 8 i n .) on  t he "t ack  l i ne" (see TEMPLATE), 
t o m ak e sure t he f lap st ays securely  at t ached af t er  long use. (Very  
sm al l  t ack s are easi ly  dr i ven  i f  held wi t h  t weezers or  needle-nosed 
pl i ers.) 
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PUTTING THE PUMP "BOX" TOGETHER 

1. The fol lowing procedure i s t he best  t est ed const ruct i on  m et hod for  
persons who lack  exper i ence i n  put t i ng par t s t oget her  so t hat  al l  corners 
are exact ly  square, or  who do not  have t he bi g clam ps and ot her  glu i ng 
equipm ent  used by  cabinet  m ak ers. Th i s procedure i s best  car r i ed out  by  
t wo persons work i ng t oget her . 

2. On  t h e f i n i shed si de of  t he t op, draw t wo paral lel  l i nes exact ly  12 i n . 
apar t  and paral lel  t o t he t op's 32-in .-long edges. Each  of  t hese l i nes wi l l  be 
3/ 4-in . from  an  edge. Also draw a l i ne 6 i n . f rom  and paral lel  t o each  end of  
t h e t op, t o m ark  t he posi t i ons of  t he t wo valve f ram es. See Fig. 2. 
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3. Bui ld t he pum p's "box" upsi de down; st ar t  by  placi ng i t s t op on  t he f loor , 
as i n di cat ed by  Fi g. 12. 

Fi g. 12. Par t s of  t he Pum p "Box", wi t h  Dim ensions i n  Inches. The Rom an 
num bers gi ve t he best  t est ed order  for  at t ach ing t hese par t s t o each  ot her .  

 

4. At t ach  t he t wo valve f ram es I I  and I I I  t o t he t op I  wi t h  const ruct i on  
adhesi ve, posi t i on i ng each  of  t hem  6 i n . f rom  an  end of  t he t op I . Mak e 
sure t hat  each  f ram e's f lap valve i s upsi de down and faci n g away f rom  t he 
cen t er  of  t h e pum p. Rem ove any  adhesi ve t hat  i s on  t he t op beyond t he 
ends of  t he valve f ram es. 
 
(Wh en usi ng const ruct i on  adhesi ve t o m ak e t h i s pum p, i t  i s best  t o apply  a 
rat her  t h i n  coat  t o on ly  one of  t he t wo plywood sur faces t o be joi ned. Then  
prom pt ly  rub one plywood par t  sl i gh t ly  back  and for t h  against  t he ot her , 
wh i le pressi ng t hem  t oget her -t h us m ak ing sure t hat  bot h  sur faces are 
coat ed and i n  close con t act . Wai t  un t i l  t he adhesi ve set s and bonds 
adequat ely  before at t ach ing m ore par t s.) 

5. Draw t wo paral lel  l i nes on  t he un f i n i shed si de of  t he PARTITION, each  3 
in ches f rom  one of  i t s ends. Adhere t he t wo 12-in .-long unat t ached edges 
of  t h e valve f ram es t o t he PARTITION on  t hese t wo l i nes, as i l lust rat ed by  
Fi gs. 2, 7 and 12. Al low t im e for  t he adhesi ve t o set . 

6. Before perm anent ly  at t ach ing si de V, posi t i on  i t  ver t i cal l y  wi t h  a long 
edge rest i ng on  t he t op, and wi t h  a si de-edge of  t he PARTITION and ends of  
t h e t wo valve f ram es I  and I I  i n  con t act  wi t h  t he f i n i shed si de of  si de V. 
See Fig, 7. On t he un f i n i shed (out er ) si de of  si de V draw l i nes showing t he 
posi t i ons of  t he PARTITION and of  t he t wo valve f ram es i n  con t act  wi t h  
t h e f i n i shed si de of  si de V. 

7. Preparat ory  t o at t ach ing si de V t o t he PARTITION and t o t he t wo valve 
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fram es, dr i l l  4  sl i gh t ly  oversi ze screw holes (for  your  2-in . roundhead 
screws( t h rough  si de V. Dr i l l  t hese holes so t hat  a screw wi l l  go i n t o an  end 
of  each  valve f ram e about  1 i n . f rom  i t s adhered edge, and t he ot her  2 
screws wi l l  go i n t o t h e si de-edge of  t he PARTITION, at  poi n t s above t he 
valve f ram es. Next , wi t h  si de V t em porar i l y  i n  i t s f i nal  posi t i on , dr i l l  wi t h  a 
sm al ler  di am et er  dr i l l  t h rough  t he 4 holes i n  si de V, i n t o t he PARTITION 
and i n t o t he t wo valve f ram es. Then  wi t h  t he 4 screws t em porar i l y  connect  
si de V, t he PARTITION, and t he t wo valve f ram es, and, wh i le check i ng wi t h  
a carpen t er 's square t he squareness of  t he angle bet ween t he PARTITION 
and si de V, adjust  t he t wo pai rs of  screws t o at t ai n  squareness, Rem ove 
si de V, 

8. Apply  adhesi ve t o t he 3/ 4-in .-wide area along t he long edge of  t he t op, 
and i f  necessary  a t h i ck er  coat i ng of  adhesi ve t han  norm al  t o unat t ached 
edges of  t he PARTITION and of  t he t wo valve f ram es. Then  prom pt ly  
posi t i on  si de V, and by  again  screwing i n  and adjust i ng t he 4 screws, m ak e 
t h e angle bet ween t he PARTITION and si de V square. Al low t h e adhesi ve t o 
set . 

9. Use sh or t  pi eces of  duct  t ape t o t em porar i l y  at t ach  t he t wo 12 x 12-in . 
const ruct i on  form s t o t he PARTITION and t o si de V, (Before usi ng t hese 
form s, dr ive 4 sm al l  nai ls i n t o each  form , near  i t s corners, t o serve as 
handles for  rem oving t hem  from  t he com plet ed "cy l i nder ".) At t ach  a 
const ruct i on  form  near  each  end of  t he PARTITION. 

10. Adhere t he f i n i shed si de of  si de VI  t o t he t op, t o t he unat t ached si de-
edge of  t he PARTITION, and t o end-edges of  t he valve f ram es, wh i le 
k eeping si de VI  pressed against  t he t wo square const ruct i on  form s. To 
k eep si de VI  pressed against  t he const ruct i on  form s un t i l  t he adhesi ve 
set s, use sm al l  n ai ls t o t em porar i l y  nai l  t wo sm al l  boards hor i zon t al l y  
across t he ends of  t he si des, at  each  end of  t he "box". 

11. On t he f i n i shed si de of  t he bot t om  IX, draw t wo paral lel  l i nes 13- 1 / 2-
in . apar t , m ak ing each  l i ne 6-3/ 4-in . from  t he cen t er  l i ne of  t he bot t om , as 
shown i n  Fi g, 7, Nai l  t he t wo 3/ 4 x 3/ 4 x 32-in , spacer  boards VI I  and VI I I  
t o t he bot t om , 13-1/ 2-in . apar t . 

12. To at t ach  t he bot t om , f i r st  place i t  (wi t h  i t s f i n i shed si de down) on  t he 
exposed long-edges of  t he si des, I f  y ou f i nd t hat  t he bot t om  rest s on  t he 
const ruct i on  form s and i s not  i n  con t act  wi t h  t he long-edges of  t he si des, 
in  ef fect  i n crease t he heigh t s of  t he si des by  coat i ng wi t h  adhesi ve bot h  
t h e edges of  t he si des and t he 3/ 4-in .-wide area of  t h e bot t om  t o wh i ch  t he 
si des wi l l  be adh ered, Then  adhere t he bot t om  on t o t he edges of  t he si des. 
Before t he adhesi ve hardens, rem ove any  t hat  has been  squeezed i n t o t he 
corner  of  t he "cy l i nder ". 
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. Perm anent ly  at t ach  t he f i xed par t  of  t he f ron t  end X (see Fi g. 7, 10 and 12) wi t h  
adhesi ve and sm al l  nai ls t o t he si des and t o t he bot t om . Be sure t hat  i t s f lap valve i s 
upsi de down and i s faci n g away f rom  t he cen t er  of  t h e pum p, and t hat  a long edge of  
t h i s par t  i s level  wi t h  t h e out er  si de of  t he bot t om . Rem ove t he const ruct i on  form s.  

14. Pain t  t he i n t er i or  of  t he "cy l i nder " wi t h  sealer -aft er  rem oving al l  adhesi ve t hat  
m ay be i n  i t s corners. 

15. Af t er  t he sealer  dr i es, sandpaper  t he i n t er i or  of  t he "cy l i nder " wi t h  f i ne 
sandpaper , and pain t  i t  again  wi t h  t he f i nal  coat  of  sealer . 

16. To at t ach  t he rem ovable par t  of  t he f ron t  end XI , st and t he "box" on  i t s 
com plet ely  open  end and dr i l l  sl i gh t ly  oversi ze screw holes (for  your  2-in . screws) 
clear  t h rough  t he rem ovable par t  of  t he f ron t  end, as i ndi cat ed by  Fi g. 9. Wi t h  t he 
flap valve faci n g out ward, t em porar i l y  at t ach  t h i s par t  wi t h  a few sm al l  nai ls t o t he 
end of  t he t op and t o ends of  t he t wo si des. Then  wi t h  a sm al ler -di am et er  bi t , dr i l l  
t h e screw holes deep enough i n t o t he t op and t he si des so t hat  t he 7 screws wi l l  
hold securely . 

17. So t hat  i t  wi l l  be unnecessary  t o t i gh t ly  screw on  t he rem ovable par t  of  t he f ron t  
end i n  order  t o m ak e i t s repeat ed t em porary  at t achm ent s ai r t i gh t , t ack  fel t  weat her -
st r i ppi ng (best  1/ 8-in . t h i ck  and 5/ 8-in . wide), or  st r i ps m ade of t wo t h i ck nesses of  
f lan nel , t o t he con t act  edges of  t he t op and t he si des. No. 3 (3/ 8-in .) carpet  t ack s 
serve wel l . Th en  wi t h  a razor  blade carefu l l y  cut  t he fel t  cover i ng t he screw holes i n  
t h e edges, and rem ove t hese sm al l  pi eces of  cover i ng fel t . 

18. At t ach  wi t h  screws t he rem ovable par t  of  t he f ron t  end. 

19. To preven t  dam age t o t he f ron t -end valve f laps when you st and t he pum p on  i t s 
fron t  end, epoxy  a sm al l  pi ece of  3 / 8-in . plywood t o t he f ron t  end, near  each  of  i t s 
four  corners, as pi ct ured i n  Fi gs. 3 and 5. Before st anding t he pum p on  i t s f ron t  end, 
use sm al l  p i eces of  m ask ing t ape t o t em porar i l y  secure i t s valve f laps i n  t hei r  closed 
posi t i ons. 

20. At t ach  t he back  end XI I , usi ng on ly  screws. See Fig. 8. (For  repai rs, t he back  end 
m ay have t o be rem oved.) To m ak e t he at t achm ent  of  t he back  end ai r t i gh t , coat  i t s 
at t achm ent  "crack " on ly  wi t h  rubber  cem ent . 

MAKING THE PISTON, THE PISTON ROD, AND ITS HANDLE 

1. Have a sheet m et al  shop cut  t h ree 3-ft .-long, 3-in .-wide st r i ps of 
galvan i zed st eel  sheet m et al  t hat  i s no m ore t han  0.016-in ., t h i ck  and no 
less t h an  0.012-in . t h i ck . (Most  galvan i zed st eel  val ley  f lash ing used by  
roofers and sold by  m any lum ber  yards i s less t han  0.016-in . t h i ck ; 30-
gauge galvan i zed sheet  m et al  sold by  som e sheet m et al  shops i s about  
0.015-in . t h i ck .) St eel  sheet m et al  t h i ck er  t han  about  0.016 i n . i s not  
spr i ngy  enough and i s unsat i sfact ory . 

2. Wi t h  a t olerance of  + or  - 1 / 32-in ., cut  from  t hese st r i ps t wo st r i ps each  
11-13/ 16-in . long, and t wo st r i ps each  11-3/ 4-in . long. (These four  st r i ps 
f i r st  m ust  be ben t  and t hen  t ack ed t o t he four  si des of  t he plywood pi st on ; 
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t h ese pi st on-seal i ng st r i ps serve rat her  l i k e pi st on  r i ngs, by  m ak ing close, 
sl i di n g, low-fr i ct i on  con t act  wi t h  t he si des of  t he plywood "cy l i nder ". St eel  
st r i ps resi st  wear  an d i f proper ly  lubr i cat ed m ak e t he pum p servi ceable for  
m ont hs of  con t i nuous use.) 

3. Prepar i ng t he four  sheet m et al  seal i ng st r i ps: 

a. Si nce t he st r i ps t o be t ack ed t o t he t op and t he bot t om  of  t he 
pi st on  m ust  be ben t  di f feren t ly  f rom  t he st r i ps t o be t ack ed t o i t s t wo 
si des, m ark  "T or  B" on  each  of  he t wo st r i ps t hat  are 11-13/ 16 i n . 
long, and m ark  "8" on  each  of  t he t wo st r i ps t hat  are 11-3/ 4 i n . long. 

b. On  each  of  t he t wo st r i ps m ark ed "T or  B", draw an  i nk  l i ne along 
wh i ch  t o m ak e t he approxim at ely  30 degree bend, and anot her  l i ne for  
t h e approxim at ely  90 degree bend. (See t he lef t  hal f  of  Fi g. 13 for  t he 
di st ances f rom  t he edges of  t hese t wo "T or  B" st r i ps t o t hei r  bends.) 
Also draw t wo i nk  l i nes along wh i ch  t o dr i ve t ack s, spaced as shown i n  
t h e left  h al f of Fi g. 13. 
Li k ewi se draw four  l i nes on  each  of  t he t wo st r i ps m ark ed "8", as 
speci f i ed i n  t he r i gh t  hal f  of  Fi g. 13, not i ng t hat  som e of  t hese l i nes 
are spaced di f feren t ly  t han  cor responding l i nes on  t he st r i ps m ark ed 
"Tor  B" 

c. Using a sm al l  sharpened nai l  for  a punch  and placi ng one st r i p of  
sheet m et al  at  a t im e on  a sm oot h  board, punch  2 rows of  t ack  holes 
in  each  st r i p. The t ack  holes should be about  1-1/ 2 i n . apar t . 

d. From  a nom inal  1 x 2-in . st rai gh t  board, m ak e t wo boards each  
about  3/ 4 x 7/ 8 x 12-1/ 4 i n ., for  use i n  bending t he seal i ng st r i ps. 

e. Securely  sandwich  a "T or  B" st r i p of  sheet m et al  bet ween t he t wo 
12-1/ 4-in .-long boards placed exact ly  on  t op of  each  ot her , by  
t i gh t en ing t wo "C" clam ps on  t he ends of  t h e t wo boards, so t hat  t he 
bending l i ne 3/ 8-in , from  one si de of  t he st r i p i s just  v i si ble along t he 
st rai gh t  edge of  a board. Then  hold t he t wo clam ped boards i n  a v i se 
so t hat  t he 3/ 8-in .-wide par t  of t h e sheet m et al  st r i p i s upperm ost  and 
ver t i cal . 

f. Ben d t he exposed par t  of  t he st r i p about  30 degrees of f  t he ver t i cal , 
away  from  t he si de of  t he st r i p where t he holes have been  i nden t ed by  
t h e punch . To bend even ly , ham m er  gen t ly  and repeat edly  on  a 3/ 4 x 
3/ 4 x 18-in . board held against  t he exposed 3/ 8-in .-wide par t  of t h e 
st r i p. 

Fi g. 13.Pi st on  Seal i ng St r i ps, each  m ade of  a spr i ngy  sheet m et al  st r i p 3 i n . 
wide.  
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g. Wi t h  t he sheet m et al  st r i p held sandwiched bet ween t he t wo 12-1/ 4-
in .-long boards by  t he t wo "C" clam ps and t he vi se, so t hat  t he 
bending l i ne for  t he alm ost  90-degree bend i s barely  v i si ble, bend t he 
exposed par t  of  t he st r i p 90 degrees, i n  t he sam e di rect i on  t hat  t he 
3/ 8-in .-wide par t  was ben t . See Figs. 13 and 14. 

h . Bend t he ot her  "T or  B" st r i p, and sim i lar ly  bend each  of  t he t wo "8" 
st r i ps. 

4. At t ach  t he four  sheet m et al  seal i ng st r i ps t o t he plywood pi st on  wi t h  No. 
6 t ack s (1/ 2-in . long). Place on  a sol i d m et al  sur face t he par t  of  t he 
ply wood pi st on  opposi t e t he spot  t o wh i ch  par t  of  a st r i p i s bei ng t ack ed, 
so t hat  when a t ack  i s ham m ered i n  i t s poi n t  i s cl i n ched (ben t  over ) on  t he 
far  si de of t h e 3 / 8-in .-t h i ck  plywood pi st on , by  being ham m ered against  
t h e sol i d m et al  sur face. 

a. Fi r st  t ack  a "T or  B" sheet m et al  st r i p t o t he t op of  t he pi st on , and a 
"T or  B" st r i p t o i t s bot t om . 

b. Then  t ack  t he t wo "8" st r i ps t o i t s si des. The st r i ps should f i t  
t oget her  so as t o m ak e square corners. I f  adjacen t  ends of  t wo st r i ps 
do not  f i t  neat ly  t oget her , cut  bi t  by  bi t  a very  l i t t le of f  t he end(s) of  a 
st r i p(s) so t hat  t h e t wo adjacen t  ends f i t  t oget her  neat ly  at  t hei r  
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c. To preven t  ai r  leak age bet ween t he ends of  t he seal i ng st r i ps, put  
rubber  cem ent  i n  t he four  corner  "crack s" bet ween st r i ps. (Th i s was 
not  done on  t he t est  pum p's pi st on .) 

Fi g. 14. Plywood Pi st on  wi t h  Sheet m et al  Seal i ng St r i ps At t ached.  
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5. For  t he pi st on  rod, saw from  a st rai gh t , wel l -seasoned oak  board a 3/ 4 x 
1-3/ 4 x 36-1/ 2-in . board. Sandpaper  i t  sm oot h . (A pi st on  rod m ade of  wel l -
seasoned oak  i s less l i k ely  t o break  i f  abused, but  necessi t at es usi ng 
screws, i n  p lace of  n ai ls and st aples, for  at t achm ent s. Pi st on  rods m ade of  
nom inal  1 x 2-in . f i r  boards were undam aged i n  t he t est s.) 

6. To com plet e t he pi st on  rod: 

a. For  t he handle, use 4 pi eces of  a nom inal  1 x 2-in . board cut  t o t he 
len gt hs shown i n  Fi g. 15. Also see Fig. 16. Round al l  edges and 
corners, t o m in im i ze t he chances of  t he operat ors' bl i st er i ng t hei r  
hands. 

b. Pain t  t he pi st on  rod and i t s handle wi t h  sealer . When dry , 
sandpaper . Then  apply  a f i n al  coat  of  sealer . 

c. Use adh esi ve, screws, an d nai ls (or  adhesi ve and nai ls i f  your  pi st on  
rod i s of  sof t  wood) i n  m ak ing t he handle i l lust rat ed by  Fi g. 15 

 
Fi g. 15. Pi st on  Rod Handle Made of  3/ 4 x 1-3/ 4-in . Boards.  
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Fi g. 16. The Pum p Handle of  t he Durabi l i t y -Test  Pum p, showing how one m an 
best  holds i t  when t wo m en are pum ping.  

 

d. To reduce f r i ct i on  on  t he pi st on  rod and resul t an t  en largem ent  of  
t h e pi st on-rod hole wi t h  long use, coat  wi t h  epoxy  al l  four  si des of  t he 
pi st on-rod hole. SeeFigs. 7 and 16. Be sure t hat  t he pi st on  rod sl i des 
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snugly  yet  f reely  i n  i t s hole when t he rem ovable par t  of  t he f ron t  end 
is screwed i n  place. 

e. From  a pi ece of  t h i ck  t ruck -t i re i n ner -t ube rubber , cut  a 2-in .- wide 
st r i p 12-in . long. To m ak e t he 2-in .-wide rubber  bum per  (see Fi gs. 15 
and 16), connect  one end of  t h i s rubber  st r i p t o t he cen t er  of  a 3/ 4-
in .-wide si de of  t h e pi st on  rod. Do not  place any  screw or  st aple i n  t he 
st r i p closer  t han  1 i n . f rom  t he st r i p's forward edge, t hat  m ay 
repeat edly  bum p i n t o t he f ron t  end. Wrap and at t ach  t he st r i p qui t e 
t i gh t ly  around t he pi st on  rod next  t o t he handle. (I f  you have on ly  a 
pi ece of  passenger -car  i n ner -t ube rubber , t hen  t o m ak e a 2-in .-wide 
bum per  use a 4-in .-wide st r i p of t h i s t h i nner  rubber  folded double 
len gt hwi se.) 

7. At t ach ing t he pi st on  rod t o t he pi st on : 

a. On t h e back  of  t he 12 x 12-in . plywood pi st on , m ark  l i nes t o enable 
you t o at t ach  t he pi st on  rod as pi ct ured i n  Fi g. 14. Not e t hat  t he 
lower  si de of  t h e pi st on  rod i s exact ly  5-1/ 2 i n . above t he lower  edge 
of  t h e plywood of  t he pi st on , and t hat  t he cen t er  l i ne of  t he pi st on  rod 
in t ersect s t he ver t i cal  cen t er  l i ne of  t he plywood of  t he pi st on . 

b. To t he end of  t he pi st on  rod (see Fi g. 14) adhere and screw (or  
adhere and nai l  i f  your  pi st on  rod i s not  oak ) t wo pi eces of  nom inal  1 
x 2-in . boards each  3 i n . long. Each  of  t hese t wo sm al l  boards and t he 
end of  t he pi st on  rod are i n  con t act  wi t h  and securely  connect ed t o 
t h e plywood pi st on , and form  a per fect  "T" at  t he end of  t he pi st on  
rod. 

c. Con nect  t he pi st on  rod t o t he pi st on , best  wi t h  epoxy  (or  adhesi ve) 
and sm al l  screws. Mak e sure t hat : (1) t h e four  pi st on  seal i ng st r i ps 
over lap t he pi st on 's plywood i n  t he di rect i on  of  t he pi st on  rod, (2) t he 
1-3/ 4-in .-wide si des of  t h e pi st on  rod are paral lel  t o t he t op and 
bot t om  of  t he pi st on , and (3) t he pi st on  rod i s perpendi cular  t o t he 
pi st on . See Figs. 2 and 14. 

d. Mak e and at t ach  t o t he pi st on  rod a 3-in .-long rubber  bum per , 
posi t i oned close t o t he pi st on  as shown i n  Fi g. 2. 

OPERATING THE PUMP 

1. Ch eck  t o see t hat  t he four  sheet m et al  st r i ps on  t he four  si des of  t he 
pi st on  al l  m ak e even  con t act  wi t h  t he wal ls of  t he "cy l i nder " when t he 
pi st on  i s m oved back  and for t h . I f  t he pi st on  does not  sl i de back  and for t h  
qui t e easi ly  even  when not  lubr i cat ed, carefu l l y  bend a st r i p or  st r i ps so 
t h at  t hey  press less against  t he "cy l i nder " wal ls. I f  wh i le som eone i s 
sh i n i ng a f lash l i gh t  t h rough  a valve open ing i n  t he ot her  end of  t he pum p 
you observe t hat  par t s of  a sheet m et al  st r i p do not  m ak e close con t act  
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wi t h  a "cy l i nder " wal l , gen t ly  bend out ward t hat  par t  of  t he st r i p. 

2. Lubr i cat e al l  four  wal ls of t h e "cy l i nder ", t he sheet m et al  st r i ps t hat  sl i de 
against  t he wal ls, and t he pi st on  rod. Use a very  t h i n  m ot or -break in  wh i t e 
l i t h i um  grease (not  an  ordi nary  bear i ng grease, t hat  i s t oo st i ck y). Or  use a 
t h i n  oi l . The pum p should be lubr i cat ed af t er  no m ore t han  each  24 hours 
of  use, and before being used again  af t er  days of  di suse. 

3. In st al l  t h e pum p at  a heigh t  above t he f loor  so t hat  m ost  of  t he persons 
wh o are going t o pum p can  push  and pul l  wi t h  t hei r  hands m oving at  about  
t h e sam e heigh t  t hat  t hei r  elbows are when t hey  are st anding. See Fig. 3for  
an  exam ple of  a pum p-suppor t i ng t able rai sed t o an  ef f i ci en t  hei gh t  for  
operat ors who are t he heigh t  of  t he pum per  pi ct ured. 

4. To save work  and t o m in im i ze wear  on  t he pum p, usual ly  operat e i t  wi t h  
a len gt h  of  st rok e a l i t t le shor t er  t han  t he di st ance bet ween i t s t wo rubber  
bum pers. To save energy  especial l y  when pum ping ai r  t h rough  ah igh  
resi st ance ven t i lat i on  syst em , m ove t he pi st on  back  and for t h  by  usi ng 
m ost ly  your  leg and body  m uscles. 

PROLONGED STORAGE 

Wipe of f al l  grease an d ot her  lubr i can t s i f  you do not  plan  t o use t h i s pum p for  
m ont hs. Al l  lubr i can t s-especial l y  t hose on  wood-t end t o becom e gum m y wi t h  t im e. 

Keepyour  supply  of  pum p lubr i can t s t aped t o your  pum p. 

REQUEST 

Suggest i ons for  im provi ng t h i s pum p and/ or  t hese i nst ruct i ons wi l l  be appreci at ed, 
and m ay con t r i but e t o im provem ent s l i k ely  t o save l i ves. 

Cresson  H. Kearny  

Copyr i gh t  © 1986 by  Cresson  H. Kearny  

No par t  of  t h i s work  (except  br i ef  passages t hat  a revi ewer  m ay quot e i n  a revi ew) 
m ay be reproduced i n  any  form  un less t he reproduct i on  i ncludes t he fol lowing 
st at em ent : "Copyr i gh t  © 1986 by  Cresson  H. Kearny . Al l  or  par t  of  t h i s i n form at i on  
on  t he Plywood Double-Act i on  Pi st on  Pum p m ay be reproduced wi t hout  obt ai n i ng 
perm issi on  f rom  anyone." 
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FILTER BOX AND FILTER 

PURPOSES 

The pr im ary  shel t er  ven t i lat i on  requi rem ent  i s t o supply  enough out door  ai r  t o 
m ain t ai n  endurable heat -hum idi t y  condi t i ons. 
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To k eep t he concen t rat i on  of  respi rat ory  carbon  di oxi de low enough for  survi val , 
very  l i t t le f resh  out door  ai r  i s requi red. Even for  an  i n fan t  or  an  i n f i rm  person  
rem ain i ng i n  a crowded shel t er  for  days, 3 cubi c feet  per  m inut e (3 cfm ) i s adequat e. 
For  a heal t hy  adul t  or  ch i ld 1.5 cfm  i s enough. Too m uch carbon  di oxi de, not  t oo 
l i t t le oxygen , i s t he i n i t i al  cause of  unendurable condi t i ons i n  i nadequat ely  
ven t i lat ed shel t ers i n  wh i ch  t he ai r  does not  get  unendurably  hot . 

In  con t rast , up t o 25 cfm  of  out door  ai r  per  occupant  m ay be needed t o m ain t ai n  
endurable heat -hum idi t y  condi t i ons i nsi de a crowded shel t er  occupied for  days 
dur i ng a heat  wave i n  a hot , hum id par t  of  t he U.S. Hence t he need for  a large-
volum e ven t i lat i ng pum p, best  wi t h  a low-resi st ance f i l t er . 

I f  ou t door  ai r  f lows i n t o a shel t er  t h rough  a hood, gooseneck  pi pe, or  ot her  ai r -
supply  open ing t hat  causes al l  but  t i ny  fal lout  par t i cles t o fal l  out  before t he ai r  
reaches shel t er  occupant s, breat h i ng t h i s un f i l t ered ai r  wi l l  not  resul t  i n  shor t -t erm  
radiat i on  casual t i es. However , a very  sm al l  f ract i on  of  t he occupant s of  a shel t er  
suppl i ed wi t h  un f i l t ered ai r  i n  an  area of  heavy  fal lout  m ay con t ract  cancer  years 
lat er  as a resul t  of  breat h i ng shel t er  ai r  con t ai n i ng t i ny  fal lout  par t i cles, t hat  a 
proper ly  desi gned f i l t er  could have rem oved. 

Ai r  t hat  has been  i n  con t act  wi t h  fal lout  par t i cles before being f i l t ered i s not  
radi oact i ve, 

The hom em ade f i l t er  i l lust rat ed below, i f  used wi t h  an  ef f i ci en t  "suct i on" pum p such  
as t h e Plywood Double-Act i on  Pi st on  Pum p descr i bed separat ely , wi l l  rem ove 
pract i cal l y  al l  fal lou t  par t i c les l i k ely  t o cause casual t i es even  decades lat er , Th i s 
f i l t er  also wi l l  rem ove m ost  i n fect i ve aerosols, t he ai r -borne t i ny  par t i cles used i n  
bi ologi cal  war fare - an  un l i k ely  t ype of  at t ack  on  t he Un i t ed St at es. I t  wi l l  not  
rem ove poi sonous gasses, an  even  less l i k ely  danger  t o Am er i cans i f  al l -out  war  
befal l s us. 

CONSTRUCTION 

Fi l t er  Box 

I f  20  x  20-in ch  furnace f i l t ers are avai lable, use plywood or  boards t o bui ld t he f i l t er  
box shown i n  t he i l lust rat i on . To m ak e perm anent  connect i ons ai r t i gh t , f i r st  use 
wat erproof  const ruct i on  adhesi ve or  glue, and t hen  t ape. (I f  on ly  sm al ler  f i l t ers are 
avai lable, reduce t he hor i zon t al  dim ensions of  t he box accordi ngly , except  for  t he 
t op and bot t om  open ings.) Check  t o be sure t hat  your  f i l t ers wi l l  f i t  snugly  i n  t he 
box of  t he si ze you plan  t o bui ld. 

The square f ram e on  t he bot t om  of  t he f i l t er  box should f i t  snugly  over  t he square 
ai r -in t ak e duct  on  t he t op of  your  Plywood Double-Act i on  Pi st on  Pum p. Tape t he 
crack s t o m ak e t he connect i on  ai r t i gh t  and t o perm i t  easy  rem oval  of  t he f i l t er  box. 

Mak e t he i l lust rat ed 4 suppor t s of  t he hardware clot h  no t h i ck er  t han  3/ 4 i nch , t hus 
provi di ng enough space below t he f i l t er  for  low- resi st ance ai r f low. (Hardware clot h  
is a st i f f , square-m esh, m ol t en- di pped galvan i zed wi re.) 

Mak e t he square t op of  t he f i l t er  box so t hat  i t  covers t he upper  edges of  t he box's 
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si des and can  be easi ly  rem oved. Then  cut  i n  i t s cen t er  a round hole sl i gh t ly  sm al ler  
t h an  4 i nches i n  di am et er . Fi le t he hole's edges so t hat  a 4-in ch-di am et er  can  (such  
as a cof fee can  wi t h  i t s t op and bot t om  cut  out ) f i t s snugly  in  t h i s hole. To connect  
t h e can  securely  and ai r t i gh t , f i r st  use wat erproof  const ruct i on  adhesi ve or  epoxy , 
and t hen  t ape. (I f  const ruct i on  adhesi ve or  epoxy  i s not  avai lable, cut  a 2-1/ 2-in ch-
di am et er  hole i n  t he cen t er  of  t he bot t om  of  t he 4-in ch-di am et er  can . Then  m ak e 
radial  cut s spaced about  one-hal f  i n ch  apar t , out  t o t he fu l l  di am et er  of  t he can . 
Bend t hese t abs out ward 180 degrees, preparat ory  t o t ack i ng t hem  wi t h  sm al l  t ack s 
t o t he bot t om  of  t he f i l t er  box t op. Tape ai r t i gh t .) 

So t hat  t he t op of  t he f i l t er  box can  be easi ly  rem oved, t ape i t  on t o i t s box. A rol l  of  
duct  t ape should be k ept  wi t h  t he f i l t er  box and pum p at  al l  t im es. 

To connect  t he f i l t er  box t o t he shel t er 's ai r -in t ak e pi pe, t he best  widely  avai lable ai r  
duct  i s t he i nexpensi ve, 4-in ch-di am et er  f lex i ble duct  used wi t h  clot hes dryers. 

(Fi gure p.270) Hom em ade Fi l t er  To Fi t  On  Plywood Double-Act i on  Pi st on  Pum p, 
and To Be Connect ed t o a 4-In ch-Diam et er  Ai r -In t ak e Pipe.  
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Fi l t er  Mat er i als 

Furnace or  ai r -condi t i oner  dust  f i l t ers, t hose m ade of  oi led f i berglass f i bers, wi l l  
rem ove pract i cal l y  al l  but  t he very  sm al lest  fal lout  par t i cles. Fi l t ers t hat  are sold i n  
box-l i k e housings can  easi ly  be i nst al led so t hat  al l  t he pum ped ai r  wi l l  pass t h rough  
t h em , by  t api ng t hem  t o t he i nner  si des of  t he f i l t er  box. The i l lust rat i on  shows t wo 
plai n  m at s of  furnace f i l t er  m at er i al , each  t aped around i t s edges. (I f  com m erci al  
dust  f i l t ers are n ot  avai lable, bat h  t owel  clot h  wi l l  serve. However , i n  very  dust y  
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areas a c lot h  f i l t er  m ay becom e over loaded, t hus ser i ously  reducing t he rat e of  
ai r f low m uch sooner  t han  i f  an  oi led f i ber  f i l t er  i s used as a pref i l t er .) 

To f i l t er  out  m ost  of  t he t i ny  par t i cles t hat  m ay pass t h rough  one or  m ore furnace 
fi l t ers, place t wo t h i ck nesses of  bat h  t owel  on  t op of  t he f i l t er -suppor t  m ade of  
hardware clot h , and t ape t hem  around t hei r  edges t o t he box. See i l lust rat i on . 

Test s by  U.S. Arm y special i st s have shown t hat  f i l t er i ng ai r  t h rough  t wo t h i ck nesses 
of  bat h  t owel  rem oves about  85 percen t  of  even  m icroscopi c aerosols as sm al l  as 1 
t o 5 m i crons i n  di am et er . (See "Em ergency  Respi rat ory  Prot ect i on  Against  
Radiologi cal  and Biologi cal  Aerosols", by  I I . G. Guyt on  et  al ., A.M.A. Arch i ves of  
In dust r i al  Heal t h , Vol . 20, J uly  t h rough  Dec. 1959.) Th i s i s t he si ze of  m ost  i n fect i ve 
aerosols used i n  bi ologi cal  war fare. In  m ost  of  an  area subject ed t o a bi ologi cal  
at t ack , i f 85  percen t  of  t h i s si ze-range of  i n fect i ve aerosols and pract i cal l y  al l  larger  
par t i cles are rem oved, t hen  m ost  persons breat h i ng t h i s f i l t ered ai r  wi l l  not  recei ve 
enough i n fect i ve agen t s t o i n fect  and si ck en  t hem . 

Persons who are especial l y  desi rous of  prot ect i ng t hei r  shel t er 's occupant s against  
bi ologi cal  war fare aerosols, but  who can  not  af ford or  obt ai n  expensi ve High  
Effi ci en cy  Par t i culat e Ai r  f i l t ers (HE PA f i l t ers), should consider  usi ng di sposable 
pleat ed ai r  f i l t ers t hat  m eet  off i ci al  ASHRAE st andards. One 2-in . pleat ed ai r  f i l t er , 
m easur i ng 19-1/ 2 x 19-1/ 2 i n ., wi l l  rem ove over  90 percen t  of  par t i cles i n  t he 1.0-
5.0 m i cron  range, yet  when clean  i t s resi st ance t o an  ai r f low of 200 cfm  i s on ly  
about  0.2 i n . wat er  gauge (about  0.007 psi ). I t s cost  i s about  t wi ce t hat  of  a good 
ordi nary  furnace f i l t er  of  t he sam e si ze. However , i t  has approxim at ely  t h ree t im es 
t h e l i fe of a st an dard panel  t ype f i l t er  before becom ing over loaded. Di sposable 
pleat ed ai r  f i l t ers are avai lable i n  larger  ci t i es. 

USE 

The i l lust rat ed hom em ade f i l t er  has such  low resi st ance t o ai r f low t hat , when up t o 
about  200 cfm  i s bei ng pum ped t h rough  i t  by  a Plywood Double-Act i on  Pi st on  Pum p, 
t h e ai r  volum e i s decreased by  on ly  about  10 percen t , as com pared t o t he volum e 
pum ped wi t h  no f i l t er  i n  t he ven t i lat i on  syst em . Wi t h  a hom em ade Plywood Double- 
Act i on  Pi st on  Pum p, up t o approxim at ely  200 cfm  can  be pum ped t h rough  t h i s f i l t er  
even  when t he t ot al  di f ference i n  ai r  pressure (caused by  t he ven t i lat i on  pi pes, a 
di r t y  f i l t er , et c. t hat  rest r i ct  ai r f low) i s h i gh , abou t  5  i nches wat er  gauge (0.18 psi ). 

Even  i f  t he Un i t ed St at es suf fers an  al l -out  Soviet  at t ack , on ly  a sm al l  par t  of  i t s 
area wi l l  be subject ed t o blast  ef fect s severe enough t o i n jure t he occupant s of  
fal lou t  sh el t ers. (Fal lout  shel t ers are not  desi gned t o wi t hst and blast , but  especial l y  
t y pi cal  ear t h -covered ones af ford consequent i al  blast  prot ect i on .) In  con t rast , an  
in st al led fi l t er , un less prot ect ed by  an  ef f i ci en t  blast  valve, wi l l  be wreck ed by  a 
qui t e low-pressure blast  wave t hat  com es down i t s open  ai r -in t ak e pi pe -even  i f  t he 
sm al l  par t  of t h e blast  wave t h at  would en t er  t he shel t er  room  t h rough  i t s open  
ven t i lat i on  pi pes i s not  near ly  power fu l  enough t o i n jure t he shel t er  occupant s. 
Thus unprot ect ed i nst al led f i l t ers wi l l  be wreck ed i n  an  area several  t im es as large as 
t h e area i n  wh i ch  occupant s of  fal lout  shel t ers wi l l  be i n jured by  blast . 

To be sure of  havi ng a f i l t er  i n  good condi t i on , you can : 
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1. Mak e and k eep i n  your  shel t er  an  ext ra com plet e f i l t er , ready  t o replace 
your  i nst al led f i l t er  i f  i t  i s dam aged, or  i f i t  becom es over loaded wi t h  dust  
and i t s resi st ance t o ai r f low becom es t oo h i gh . Fur t herm ore, i f  your  f i l t er  
i s i n st al led i n  your  shel t er  room  and becom es so radioact i ve wi t h  ret ai ned 
fal lou t  par t i cles t h at  i t  i s del i ver i ng a consequent i al  radi at i on  dose t o 
shel t er  occupant s, i t  i s advan t ageous t o be able t o rem ove i t , pi t ch  i t  out , 
and i nst al l  a replacem ent  f i l t er . (To be able t o supply  your  shel t er  wi t h  
un f i l t ered ai r  i n  peacet im e or  af t er  t he end of  consequent i al  fal lout  danger , 
you should m ak e and k eep ready  a duct  wi t h  appropr i at e f i t t i ngs t o 
connect  your  pum p di rect ly  t o i t s ai r -in t ak e pi pe.) 

2. I f  you have on ly  one f i l t er , do not  i nst al l  i t  before you need t o f i l t er  t he 
ai r  supply . Connect  your  pum p di rect ly  t o t he ai r -in t ak e pi pe, usi ng an  
appropr i at e duct  and f i t t i ngs. Then  before t he at t ack  and before t he ar r i val  
of  fal lou t  (revealed by  your  fal lout -m on i t or i ng i nst rum ent ), k eep your  
shel t er  wel l  ven t i lat ed wi t h  un f i l t ered ai r . Whet her  or  not  your  f i l t er  i s 
in st al led, st op ven t i lat i ng your  shel t er  for  a few hours wh i le heavy  fal lout  
i s bei ng deposi t ed out si de - un less heat -hum idi t y  condi t i ons becom e 
unbearable. I f  before shel t er  ven t i lat i on  i s st opped t he shel t er  ai r  does not  
con t ai n  an  abnorm al ly  h i gh  concen t rat i on  of  carbon  di oxi de, t hen  no 
out door  ai r  need be suppl i ed for  about  5 hours t o preven t  bui ldi ng up t oo 
h i gh  a concen t rat i on  of  respi rat ory  carbon  di oxi de - provi ded t here i s 
about  70 cubi c feet  of  shel t er -room  volum e for  each  occupant . 

AN ENCOURAGING REMINDER 

Persons m ak ing preparat i ons t o im prove t hei r  chances of  survi v i ng an  al l -out  at t ack  
should real i ze t hat  i f  t he Un i t ed St at es i s h i t  wi t h  warheads t he si zes of  t hose i n  t he 
1987 Soviet  i n t ercon t i nen t al  arsenal , t he fal lout  par t i cles of  cr i t i cal  concern  wi l l  be 
m uch  larger  t han  t he ext rem ely  sm al l  par t i cles (1 t o 5 m i crons i n  di am et er ) wh i ch  
are n ot  com plet ely  rem oved by  t h i s f i l t er . Fal lout  par t i cles t h i s sm al l  produced by  
large n uclear  explosi ons do not  fal l  t o t he ground for  m any days t o m ont hs af t er  t he 
nuclear  explosi ons, by  wh i ch  t im e t hey  have becom e m uch less radi oact i ve. 
Essen t i al l y  al l  of  t he larger  par t i cles can  be rem oved m erely  by  f i l t er i ng t he ai r  
t h rough  a few t h i ck nesses of  bat h  t owel  clot h . 
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